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(57) A wireless power transfer system according to
an embodiment of the present invention is a wireless
power transfer system having a receiving part for receiv-
ing power from a transmitting part, wherein the transmit-
ting part comprises: a power conversion part comprising
a full bridge inverter; and a control part for controlling the
power conversion part using a pulse width modula-

tion(PWM) control signal, the duty ratio of the PWM con-
trol signal being determined by a duty ratio in which the
ratio of the magnitude of harmonics to the magnitude of
a fundamental frequency among frequency components
of the output signal of the power conversion part is a
minimum.
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Description
TECHNICAL FIELD

[0001] Embodiments relate to a wireless power trans-
fer technology.

BACKGROUND ART

[0002] Wireless power transfer (WPT) system is a
technology of transferring power through a space without
any wire, which maximizes ease of providing mobile
equipment and digital appliances with power.

[0003] The wireless power transfer system has advan-
tages of saving energy by a power usage control in real
time, overcoming a restriction of space needed for pro-
viding power and reducing waste batteries by recharging
batteries.

[0004] The wireless power transfer system is typically
embodied in a magnetic induction scheme or a magnetic
resonance scheme.

[0005] The magnetic induction scheme is a non-con-
tact energy transfer technique where current is applied
to one of two coils disposed closely each other and by
means of the magnetic flux generated accordingly elec-
tromotive force is also applied to the other coil, which
may use frequencies of hundreds of kHz.

[0006] The magnetic resonance scheme is a magnetic
resonance technique where electric field or magnetic
field only is used without using electromagnetic waves
or current so that the distance of power transfer is more
than several meters, which has a characteristic that band
having tens of MHz is used.

[0007] However, there is a problem that power loss
occurs due to the current loss at a receiving side.
[0008] Additionally, in the wireless power transfer sys-
tem, there occurs a spurious wave, that is, a harmonic
coming from a power transmitter, and such a harmonic
component may cause an electromagnetic interference
effect, thereby having a harmful effect on a body.
[0009] The harmonic refers to a frequency higher than
a commercial frequency in terms of power, hundreds of
Hz or higher, for example, which has integer multiple fre-
quency of a fundamental.

[0010] The wireless power transfer system generates
the harmonic component near the multiple frequency of
the receiving frequency due to a non-linear characteristic
of the receiver load, basically. Thatis, the AC signal pro-
vided from the receiver does not remain as its waveform
but is distorted due to the non-linear load, forming a har-
monic.

[0011] The harmonic component disturbs normal op-
erations of surrounding equipment or causes undesired
power reception, noise and various obstacles.

[0012] In more detail, changes of magnetic field emit-
ting from the power transmitter generate current caused
by electromagnetic induction phenomenon in a conduc-
tor of a stationary surrounding equipment, capable of
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causing abnormal operations. Also, magnetic field gen-
erated in the power transmitter causes currentin a mobile
equipment when the mobile equipment moves around
the magnetic field, capable of causing obstacles. Also,
when the power transmitter has a resonance condition
similar to that of the surrounding equipment that does
not want to receive power, there may occur a magnetic
resonance coupling, capable of causing erroneous op-
erations in the surrounding equipment.

[0013] Since the harmonic component may cause
harmful effect on an electronic equipment and a body as
described above, it is important to meet regulations for
an electromagnetic compatibility (EMC), an electromag-
netic interference (EMI) and an electromagnetic suscep-
tibility (EMS).

[0014] FIG. 1 is a block diagram of a transmitter for
transmitting power in a conventional wireless power
transfer system.

[0015] Referring to FIG. 1, the transmitter 1 may in-
clude a gate driver 2, a power converter 3 of a half bridge
type, a matching circuit 4, and a transmission coil 5.
[0016] A half bridge circuit of the power converter 3 in
the art has two switches that are complementarily turned
on and turned off when proper voltage waveforms are
applied to gage driving inputs, respectively.

[0017] At this time, a square wave voltage generates
which is used to switch between a common node of the
two switches and the ground.

[0018] Since the output not of a sine wave but of the
square wave has a problem that it has many of harmonic
components that are integer multiple frequency of a fun-
damental wave, it is limited to reduce the harmonic using
the power converter 3 in the art.

INVENTION
TECHNICAL PROBLEM

[0019] An embodiment of the present disclosure pro-
vides a wireless power transfer device that is capable of
minimizing current wasted or consumed and enhancing
a wireless power transfer efficiency.

[0020] Another embodiment of the present disclosure
provides a wireless power transfer system that includes
the wireless power transfer device.

[0021] Yet another embodiment of the present disclo-
sure provides a wireless power transfer device and a
wireless power transfer system including the same that
solve obstacles such as power reception and noise due
to harmonic components included in an output signal of
a power conversion part of a transmitter for transmitting
power.

[0022] Still yet another embodiment of the present dis-
closure provides a wireless power transfer device and a
wireless power transfer system including the same that
approximates an output waveform of the power conver-
sion part to a sign wave using the power conversion part
including a full bridge inverter, improving a harmonic dis-
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tortion ratio.

[0023] Still yet another embodiment of the present dis-
closure provides a wireless power transfer device and a
wireless power transfer system including the same that
feedback an output signal outputted from a power con-
version part to measure a distribution of harmonic ele-
ments of the output signal and to provide a duty ratio that
is capable of minimizing the harmonic components.

TECHNICAL SOLUTION

[0024] In accordance with an embodiment of the
present disclosure, there is provided a transmitter for
generating a wireless power to be transmitted to a re-
ceiver, the transmitter comprising a power conversion
part comprising a full bridge inverter; and a control part
for controlling the power conversion part using a pulse
width modulation (PWM) control signal, wherein a duty
ratio of the PWM control signal is determined by a duty
ratio in which a ratio of the magnitude of an harmonic to
the magnitude of a fundamental frequency among fre-
quency components of an output signal of the power con-
version part is a minimum.

[0025] In the transmitter according to another embod-
iment of the present disclosure, the harmonic may have
the maximum magnitude of a plurality of harmonic com-
ponents that have frequencies of the output signal differ-
ent with one another.

[0026] In the transmitter according to another embod-
iment of the present disclosure, the duty ratio may be
26% to 44%.

[0027] In the transmitter according to another embod-
iment of the present disclosure, the duty ratio may be
41% or 32%.

[0028] In the transmitter according to another embod-
iment of the present disclosure, the transmitter may fur-
ther include a rectifying and filtering part configured to
receive an input AC power and to generate a DC voltage;
aDC/DC converter for regulating alevel of the DC voltage
outputted from the rectifying and filtering part to be out-
putted to the power conversion part; and a matching part
for performing an impedance matching between the
transmitter and the receiver, wherein the control part con-
trols a DC voltage level of the DC/DC converter.

[0029] In the transmitter according to an embodiment
of the present disclosure, there is provided a method for
driving a wireless power transfer system that includes a
transmitter having a power conversion part to convert
power applied from an external power supply and a re-
ceiver to receive power from the transmitter, the method
comprising allowing, when the receiver approaches a
charging region of the transmitter, one of the transmitter
and the receiver to sense the other one; allowing the
receiver to request the transmitter to transfer power al-
lowing a control part of the transmitter to regulate a DC
voltage level of the DC/DC converter depending on the
amount of power requested by the receiver; and allowing
the control part to control the power conversion part de-
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pending on a duty ratio of a predetermined PWM control
signal, wherein the duty ratio of the PWM control signal
is determined by a duty ratio in which a ratio of the mag-
nitude of an harmonic to the magnitude of a fundamental
frequency among frequency components of an output
signal of the power conversion part is a minimum.
[0030] In the transmitter according to another embod-
iment of the present disclosure, the harmonic may have
the maximum magnitude of a plurality of harmonic com-
ponents that have frequencies of the output signal differ-
ent with one another.

[0031] In the transmitter according to another embod-
iment of the present disclosure, the power conversion
part may include a full bridge inverter that receives a DC
voltage from a DC/DC converter to output an AC signal.
[0032] In the transmitter according to another embod-
iment of the present disclosure, the duty ratio may be
26% to 44%.

[0033] In the transmitter according to another embod-
iment of the present disclosure, the duty ratio may be
41% or 32%.

[0034] In the transmitter according to another embod-
iment of the present disclosure, the control part may be
fed back with an output signal outputted from the power
conversion part and provides the power conversion part
with a PWM control signal having a duty ratio in which a
ratio of the magnitude of an harmonic to the magnitude
of a fundamental frequency of the output signal is a min-
imum.

[0035] In the transmitter according to an embodiment
of the present disclosure, there is provided a transmitter
for generating a wireless power to be transmitted to a
receiver, the transmitter comprising a control part for gen-
erating first to fourth AC power control signals; and a
power conversion part for generating an AC power in-
cluding a positive polarity electrode voltage and a nega-
tive polarity electrode voltage in response to the first to
fourth AC power control signals, wherein the power con-
version part generates the positive polarity electrode volt-
age in response to the first and fourth AC power control
signals, and the negative polarity electrode voltage in
response to the second and third AC power control sig-
nals.

[0036] In the transmitter according to another embod-
iment of the present disclosure, a duty ratio of the positive
polarity electrode voltage may be determined by a falling
time of the fourth AC power control signal, wherein a duty
ratio of the negative polarity electrode voltage may be
determined by a falling time of the third AC power control
signal.

[0037] In the transmitter according to another embod-
iment of the present disclosure, the duty ratio may be
regulated depending on a power receiving status of the
receiver.

[0038] In the transmitter according to another embod-
iment of the present disclosure, the falling time of the
fourth AC power control signal may be ahead of the falling
time of the first AC power control signal.
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[0039] In the transmitter according to another embod-
iment of the present disclosure, the falling time of the
third AC power control signal may be ahead of the falling
time of the second AC power control signal.

[0040] In the transmitter according to another embod-
iment of the present disclosure, the maximum AC power
is generated when the duty ratio may be 50%, the mag-
nitude of the AC power may be reduced when the duty
ratio is decreased.

[0041] In the transmitter according to another embod-
iment of the present disclosure, the power conversion
part may include first to fourth switching elements, the
second and third switching elements may be turned off
in a time interval when the first and fourth switching ele-
ments are turned on, and the first and fourth switching
elements may be turned off in a time interval when the
second and third switching elements are turned on.

ADVANTAGEOUS EFFECTS

[0042] An embodiment of the present disclosure may
change an AC power control signal to control an AC pow-
er generator depending on a receiving status of a receiv-
er, and control a duty ratio of an AC voltage of an AC
poweroutputted from an AC power generator inresponse
to the change of the AC power control signal to control
the magnitude of the AC power, thereby blocking an oc-
currence of current loss to prevent power from being
wasted.

[0043] An embodiment of the present disclosure may
solve obstacles such as power reception and noise due
to harmonic components included in an output signal of
a power conversion part of a transmission part for trans-
mitting power, improve a harmonic distortion ratio by ap-
proximating an output waveform of the power conversion
part to a sign wave using the power conversion part in-
cluding a full bridge inverter as the embodiment, and pro-
vide a duty ratio that may measure a distribution of har-
monic components of the output signal and minimize the
harmonic components by feedbacking an output signal
outputted from a power conversion part.

[0044] Meanwhile, a variety of other effects will be di-
rectly orsuggestively disclosed in the detailed description
according to embodiments described below.

DESCRIPTION OF DRAWINGS

[0045]
FIG. 1 is a block diagram of a transmitter for trans-
mitting powerin a conventional wireless power trans-

fer system.

FIG. 2is a view illustrating a wireless power transfer
system according to an embodiment.

FIG. 3 is an equivalent circuit diagram of a transfer
induction coil according to an embodiment.
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FIG. 4 is an equivalent circuit diagram of a power
source and a wireless transfer device according to
an embodiment.

FIG. 5 is an equivalent circuit diagram of a receiver
according to an embodiment.

FIG. 6 is a block diagram illustrating a transmitter of
a wireless power transfer system according to an
embodiment of the present disclosure, and FIG. 7 is
a block diagram illustrating a receiver of a wireless
power transfer system according to an embodiment
of the present disclosure.

FIG. 8 is a view illustrating a light device according
to an embodiment.

FIGS. 9 and 10 are views illustrating operations of a
power conversion part, and FIG. 11 is a waveform
view of an output signal of a power conversion part
according to an AC power control signal.

FIGS. 12 and 13 are views illustrating waveform di-
agrams to control a duty ratio of an AC voltage by
controlling a blank interval.

FIGS. 14A, 14B, 15A, 15C, 16A and 16B are views
illustrating the magnitude of a fundamental wave of
a signal outputted as a result of simulating an output
waveform when changing a duty ratio of a full bridge
of a power converter and the magnitude of a har-
monic that is multiple components of a fundamental
wave.

FIG. 17 is a view illustrating a simulation result of the
maximum harmonic distortion ratio when changing
a duty ratio.

FIG. 18 is a signal flow chart illustrating operations
of a wireless power transfer system according to an
embodiment of the present disclosure.

BEST MODE

[0046] Hereinafter, a wireless power transfer device
and a wireless power transfer system according to an
embodiment of the present disclosure will be described
in detail with reference to the accompanying drawings.
Following embodiments are provided as examples to
make those skilled in the art understand ideas of the
present disclosure. Accordingly, the present disclosure
may not be restricted to the following embodiments but
concretely realized in other forms. In the drawings, fur-
ther, the size and thickness of devices may be exagger-
atedly expressed for the convenience of description. The
same reference numerals are used to indicate the same
or similar components throughout the specification.

[0047] Embodiments selectively use various kinds of
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frequency bands from a low frequency of 50kHz to a high
frequency of 15MHz to transfer a wireless power, and it
is needed to support a communication system in which
data and control signals may be exchanged to control a
system.

[0048] Embodiments may be applied to a variety of in-
dustrial fields that use electronic equipment which uses
and needs batteries, such as mobile terminal industry,
home appliance industry, electric automobile industry,
medical device industry and robot industry.

[0049] Embodiments may consider a system thatis ca-
pable of transferring power to a number of equipment
using one transmission coil that provides an equipment.
[0050] Terms and abbreviations used in the embodi-
ments are as follows.

[0051] Wireless Power Transfer System: a system pro-
viding a wireless power transfer in a magnetic field region
[0052] Wireless Power Transfer System-Charger: a
device providing a wireless power transfer in a magnetic
field region

[0053] Wireless Power Transfer System-Device: a de-
vice to which a wireless power transfer is provided from
a power transmitter in a magnetic field area

[0054] Charging Area: a region where a practical wire-
less power transfer is performed in a magnetic field area,
which may be changed depending on size, required pow-
er and operating frequency of an application product
[0055] FIG. 2 is a view illustrating a wireless power
transfer system according to an embodiment.

[0056] Referring to FIG. 1, a wireless power transfer
system 10 according to an embodiment may include a
power source 300, a transmitting part 100 which is a wire-
less power transfer device, a receiving part 200 which is
a wireless power receiving device, and a load 240.
[0057] In the embodiment, the power source 300 may
be included in the transmitter 100, which is not limited
thereto. The transmitting part 100 may include a trans-
mitting induction coil 102a and a transmitting resonance
coil 102b.

[0058] The receiving part 200 may include a receiving
resonance coil 202b, a receiving induction coil 202a and
a rectifying part 220. Both ends of the power source 300
may be connected to both ends of the transmitting induc-
tion coil 102a, respectively. The transmitting resonance
coil 102b may be disposed apart from the transmitting
induction coil 102a in a predetermined distance. The re-
ceiving resonance coil 202b may be disposed apart from
the receiving induction coil 202a in a predetermined dis-
tance. Both ends of the receiving induction coil 202a may
be connected to both ends of the rectifying part 220, re-
spectively. The load 240 may be connected to both ends
of the rectifying part 220. In the embodiment, the load
240 may be included in the receiving unit 200.

[0059] The power generated in the power source 300
may be transferred to the transmitting part 100, and the
power transferred to the transmitting part 100 may be
transferred to the receiving part 200 that is resonated
with the transmitting part 100 by a resonance phenom-
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enon, that is, has the same resonance frequency as the
transmitting part 100.

[0060] Hereinafter, a power transmission procedure
may be described in more detail.

[0061] The power source 300 may generate an AC
power having a predetermined frequency to transfer it to
the transmitting part 100. The transmitting induction coil
102a and the transmitting resonance coil 102b may be
inductively coupled each other. Thatis, an AC current is
generated in the transmitting induction coil 102a by the
AC power supplied from the power source 300, and an
AC current may also be induced in the transmitting res-
onance coil 102b separated physically, by an electro-
magnetic induction caused by such an AC current. Then,
the power transferred to the transmitting resonance coil
102b may be transmitted to the receiving part 200 having
the same resonance frequency as that of the transmitting
part 100 using a frequency resonance scheme.

[0062] Power may be transferred between two imped-
ance-matched LC circuits by resonance. The power
transfer by resonance makes it possible to transfer power
farther and at a higher transfer efficiency, compared with
a power transfer by an electromagnetic induction
scheme.

[0063] The receiving resonance coil 202b may receive
the power that is transferred from the transmitting reso-
nance coil 102b using a frequency resonance scheme.
An AC current may flow in the receiving resonance coil
200b due to the received power, and the power trans-
ferred to the receiving resonance coil 202b may be trans-
ferred to the receiving inductance coil 202a that is induc-
tively coupled with the receiving resonance coil 202b by
an electromagnetic induction. The power transferred to
the receiving induction coil 202a may be rectified by the
rectifying part 220 to be transferred to the load 240.
[0064] In the embodiment, the transmitting induction
coil 102a, the transmitting resonance coil 102b, the re-
ceiving resonance coil 202b and the receiving induction
coil 202a may have a spiral or helical structure, which
are not limited thereto.

[0065] The transmitting resonance coil 102b and the
receiving resonance coil 202b may be resonantly cou-
pled each other so as to transfer power in a resonance
frequency. Due to the resonance coupling between the
transmitting resonance coil 102b and the receiving res-
onance coil 202b, a power transfer efficiency between
the transmitting resonance coil 102b and the receiving
resonance coil 202b may be considerably enhanced.
[0066] The wireless power transfer system has de-
scribed a power transfer in the resonance frequency
scheme.

[0067] The embodiment may also be applied to the
power transfer in the electromagnetic induction scheme
other than in the resonance frequency. That is, when the
wireless power transfer system performs the power
transfer based on an electromagnetic induction accord-
ing to the embodiment, the transmitting resonance coil
102b included in the transmitting part 100 and the receiv-
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ing resonance coil 202b included in the receiving part
200 may be omitted.

[0068] A quality factor and a coupling coefficient may
have a significant meaning in the wireless power transfer.
That is, a power transfer efficiency may have a propor-
tional relationship with each of the quality factor and the
coupling coefficient. Accordingly, as a value of at least
one of the quality factor and the coupling coefficient be-
comes great, a power transfer efficiency may be en-
hanced. The quality factor may mean an index of energy
accumulated near the transmitting part 100 or the receiv-
ing part 200. The quality factor may be changed depend-
ing on an operating frequency (w) and a shape, dimen-
sion and material of coil. The quality factor may be ex-
pressed in the following equation 1.

[Equation 1]

Q = w*L/R

[0069] L is an inductance of a coil, and R means a
resistance corresponding to a power loss amount occur-
ring in the coil itself. The quality factor may have a value
from zero (0) to infinity, and the higher the quality factor
is, the more the power transfer efficiency between the
transmitting part 100 and the receiving part 200 is en-
hanced. The coupling coefficient means a degree of cou-
pling between a coil of a transmitting side and a coil of a
receiving side, having a range from zero (0) to one (1).
The coupling coefficient may be changed depending on
a relative position or distance between the coil of the
transmitting side and the coil of the receiving side.
[0070] FIG.3isanequivalentcircuitdiagram of a trans-
fer induction coil according to an embodiment.

[0071] As illustrated in FIG. 3, the transmitting induc-
tion coil 102a may be configured of an inductor L1and a
capacitor C1,which may configure a circuit having a suit-
able inductance value and a suitable resistance value.
The transmitting induction coil 102a may be configured
with an equivalent circuit in which both ends of the induc-
tor L1are connected to both ends of the capacitor C1
respectively. That is, the transmitting induction coil 102a
may be configured with an equivalent circuit in which the
inductor L1and the capacitor C1are connected in parallel.
The capacitor C1may be a variable capacitor, so that an
impedance matching is performed by controlling a ca-
pacitance of the capacitor C1. An equivalent circuit of the
transmitting resonance coil 102b, the receiving reso-
nance coil 202b and the receiving induction coil 202a
may also be the same as or similar to that illustrated in
FIG. 2, which is not limited thereto.

[0072] FIG. 4 is anequivalent circuit diagram of a pow-
er source and a wireless transfer device according to an
embodiment.

[0073] As illustrated in FIG. 4, the transmitting induc-
tion coil 102a and the transmitting resonance coil 102b
may be configured with the inductors L1and L2 and the
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capacitors C1 and C2, respectively, the inductors and
capacitors having their inductance values and capaci-
tance values, respectively.

[0074] FIG. 5 is an equivalent circuit diagram of a re-
ceiver according to an embodiment.

[0075] Asillustratedin FIG. 5, the receiving resonance
coil 202b and the receiving resonance coil 202a may be
configured with inductors L3 and L4 and capacitors C3
and C4, respectively, the inductors and capacitors having
their inductance values and capacitance values, respec-
tively. The rectifying part 220 may convert an AC power
transferred from the receiving inductance coil 202a into
a DC power to transfer the converted DC power to the
load 240. In more detail, the rectifying part 220 may in-
clude a rectifier and a smoothing circuit, which are not
illustrated. In the embodiment, the rectifier may be a sil-
icon rectifier that may be equalized with a diode D1as
illustrated in FIG. 5, which is not limited thereto. The rec-
tifier may convert an AC power transferred from the re-
ceiving induction coil 202a into a DC power.

[0076] The smoothing circuit may remove an AC com-
ponentincluded in the DC power converted in the rectifier
and output a smooth DC power. In the embodiment, the
smoothing circuit may employ a rectifying capacitor C5
as illustrated in FIG. 5, which is not limited thereto.
[0077] A DC power transferred from the rectifying part
220 may be a DC voltage or a DC current, which is not
limited thereto.

[0078] The load 240 may be an arbitrary charger or
device that needs a DC power. For example, the load
240 may mean a battery.

[0079] The receiving part 200 may be mounted on an
electronic equipment that needs a power, such as a mo-
bile phone, alaptop computer, amouse, etc. Accordingly,
the receiving resonance coil 202b and the receiving in-
ductance coil 202a may have a shape adapted to that of
the electronic equipment.

[0080] The transmitting part 100 may exchange infor-
mation using an in-band or out-of-band communication
with the receiving part 200.

[0081] The in-band communication may mean a com-
munication scheme to exchange information between
the transmitting part 100 and the receiving part 200 using
signals having a frequency used for a wireless power
transfer. For this, the receiving part 200 may further in-
clude a switch, and may or may not receive the power
transmitted from the wireless power transfer device 200
through a switching operation of the switch. Accordingly,
the transmitting part 100 may detect the amount of power
consumed in the transmitting part 100 to recognize an
on or off signal of the switch included in the receiving part
200.

[0082] In more detail, the receiving part 200 may
change the amount of power absorbed in a resistor ele-
ment using the resistor element and a switch, capable of
changing the amount of power consumed in the receiving
part 200. The transmitting part 100 may sense changes
of power consumed and obtain status information of the
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load 240. The switch and resistor element may be serially
connected. In the embodiment, the status information of
the load 240 may include a current charging amount and
a charging amount development of the load 240. The
load 240 may be included in the receiving part 200.
[0083] In more detail, when the switch is opened, the
power absorbed by the resistor element becomes zero
(0), and the power consumed in the receiving part 200
is also reduced.

[0084] Whentheswitchisshorted, the powerabsorbed
by the resistor element becomes more than zero (0), and
the power consumed in the transmitting part 100 is in-
creased. When such operations repeat in the receiving
part 200, the transmitting part 100 may detect the power
consumed in the transmitting part 100 and perform a dig-
ital communication with the receiving part 200.

[0085] The transmitting part 100 may receive status
information of the load 240 by the operations described
above, and transmit a suitable power.

[0086] On the contrary, with a resistor element and a
switch included in the transmitting part 100, it may be
possible to transfer the status information of the trans-
mitting part 100 to the receiving part 200. In the embod-
iment, the status information of the transmitting part 100
may include the maximum providing the amount of power
that is transferred by the transmitting part 100, the
number of the receiving parts 200 to which the transmit-
ting part 100 provides the power, and available amount
of power of the transmitting part 100.

[0087] Next, the out-of-band communication will be de-
scribe.
[0088] The out-of-band communication refers to a

communication scheme in which information needed
when transferring power is exchanged using a separate
frequency band other than a resonance frequency band.
An out-of-band communication module is mounted on
both the transmitting part 100 and the receiving part 200,
so that they may exchange information needed to trans-
fer power. The out-of-band communication module may
be mounted on the power source 300, which is not limited
thereto. In the embodiment, the out-of-band communi-
cation module may use a local area communication
scheme such as blueTooth, Zigbee, wireless LAN and
NFC, which is not limited thereto.

[0089] Hereinafter, a subsystem of the transmitting
part 100 and the receiving part 200 of a wireless power
transfer system 10 will be described in detail.

[0090] FIG. 6is a block diagram illustrating a transmit-
ter of a wireless power transfer system according to an
embodiment of the present disclosure, and FIG. 7 is a
block diagram illustrating a receiver of a wireless power
transfer system according to an embodiment of the
present disclosure.

[0091] Referring to FIGS. 6 and 7, the wireless power
transfer system 10 according to an embodiment of the
present disclosure may include a transmitting part 100
transmitting power in a wireless manner and a receiving
part 200 receiving power from the transmitting part 100.
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[0092] On reviewing a block diagram of a subsystem
of the transmitting part 100 illustrated in FIG. 6, the sub-
system of the transmitting part 100 may include a trans-
mitting power converter system 101 and a transfer an-
tenna system 102.

[0093] The transmitting power converter system 101
may include a number of subsystems, including a recti-
fying and filtering part 110, a converter 120, a power con-
verting part 130, a control part 140 and a matching part
150.

[0094] The rectifying and filtering part 110 generates
a DC voltage to be used in the next stage, and the gen-
erated DC voltage is supplied to the converter 120 and
then to the transmitting antenna system 120.

[0095] The converter 120 together with the rectifying
andfiltering part 110is configured of an AC/DC converter,
which may rectify an AC voltage having a band of tens
of Hz to generate a DC voltage.

[0096] Further, the converter 120 is configured inde-
pendently from the rectifying and filtering part 110 to be
a DC/DC converter that generates a DC voltage suitable
to a power transfer. Also, the converter 120 may be a
step-down converter to provide an output DC voltage that
is lower than an input voltage, which is not limited thereto.
[0097] The converter 120 may output a DC voltage
whose voltage level is controlled by the control part 140.
[0098] The power conversion part 130 may convert a
DC voltage of a certain level into an AC voltage by a
switching pulse signal of tens of KHz to tens of MHz,
generating power. That is, the power conversion part 130
may converta DC voltage into an AC voltage, generating
a target, that is, "a wake-up voltage’ or "a charging
power" that is used in eh receiving part 200 which is
brought into a charging region.

[0099] Here, the wake-up power means a small power
of 0.1 to Tmwatt, and the charging power is a power that
is needed to charge a battery of the receiving part 200
or consumed when operating the receiving part 200, in-
dicating a large power of 1mwatt to 200Watt consumed
in a load of the target receiving part 200.

[0100] Meanwhile, the power conversion part 130 may
include a power amplifier that amplifies a DC voltage ac-
cording to a switching pulse signal.

[0101] The power conversion part 130 may be config-
ured of a full bridge inverter.

[0102] The control part 140 may generate a frequency
and a switching waveforms to drive the power conversion
part 130 in consideration of the maximum power transfer
efficiency, controlling the power to be transferred.
[0103] The matching part 150 performs an impedance
matching between the transmitting part 100 and the re-
ceiving part 200.

[0104] The transmitting antenna system 102 may in-
clude at least one of the inductance coil 102a and the
resonance coil 102b.

[0105] When the wireless power transfer system 10
transfers power only in a magnetic induction scheme, the
transmitting antenna system 102 may include the induc-
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tion coil 102a only. When the wireless power transfer
system 10 transfers power only in a magnetic resonance
scheme, the transmitting antenna system 102 may in-
clude the resonance coil 102b only. Also, when the wire-
less power transfer system 10 transfers power in mixed
schemes of the magnetic induction scheme and the mag-
netic resonance scheme, the transmitting antenna sys-
tem 102 may include both the induction coil 102a and
the resonance coil 102b.

[0106] Further, the induction coil 102a or the reso-
nance coil 102b may be included in a single or in plural.
When the induction coil 102a or the resonance coil 102b
are included in plural, they may be disposed in an over-
lapping manner and an overlapping area may be deter-
mined in consideration of a deviation of magnetic flux.
[0107] The receiving part 200 illustrated in FIG. 7 may
include a receiving power converter system 201 and a
receiving antenna system 202.

[0108] The receiving antenna system 202 of the re-
ceiving part 200 may be the same as the transmitting
antenna system 102, and dimensions of the receiving
antenna may be changed depending on electrical char-
acteristics of the receiving part 200.

[0109] Further, the receiving antenna system 202 may
receive power in the magnetic induction scheme or mag-
netic resonance scheme. As such, the receiving antenna
system 202 may include at least one of the induction coil
202aand the resonance coil 202b depending on the pow-
erreceiving scheme. Also, the receiving antenna system
202 may further include a near field communication an-
tenna.

[0110] Thereceiving power converter system 201 may
include a matching part 210, a rectifying part 220, a re-
ceiving side converter 230, a load 240 and a receiving
side controller 250.

[0111] The matching part 210 performs an impedance
matching between the transmitter 100 and the receiver
200.

[0112] The rectifying part 220 rectifies an AC voltage
outputted from the receiving antenna system 202 to gen-
erate a DC voltage.

[0113] The receiving side converter 230 may be con-
figured of a DC/DC converter to control a level of the DC
voltage outputted from the rectifying part 220 according
to a load capacity.

[0114] The load 240 may include a battery, a display
device, a sound output circuit, a main processor and
kinds of sensors.

[0115] The receiving side control part 250 may be ac-
tivated by a wake-up power from the transmitting part
100, perform a communication with the transmitting part
100, and control an operation of the subsystem of the
receiving part 200.

[0116] The receiving part 200 may be configured in a
single or in plural, to simultaneously receive energy from
the transmitting part 100 in a wireless manner. That is,
in the wireless power transfer system employing the res-
onance scheme, a plurality of target receiving parts 200
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may be supplied with power from one transmitting part
100.

[0117] Here, the matching part 150 of the transmitting
part 100 may adaptively perform an impedance matching
among a plurality of receiving parts 200.

[0118] Meanwhile, when the receiving part 200 is con-
figured in plural, they may become the same kind of sys-
tem or different kinds of system.

[0119] Meanwhile, the control part 140 of the transmit-
ting part 100 may generally control the transmitting part
100. The control part 140 may control the power conver-
sion part 130.

[0120] The control part 140 may control the power con-
version part 130 depending on statuses of the receiving
part 200, that is, a charging status or a receiving status.
Forexample, when the receiving part 200 requires a high-
er wireless power, the control part 140 may control the
power conversion part 130 to generate a higher wireless
power to be transmitted to the receiving part 200. For
example, when the receiving part 200 requires a lower
wireless power, the control part 140 controls the power
conversion part 130 to generate a lower wireless power
to be transmitted to the receiving part 200.

[0121] The status of the receiving part 200 may be pro-
vided from the receiving part 200 in response to a request
of the transmitting part 100. On the other hand, informa-
tion on the status of the receiving part 200 may be pro-
vided to the transmitting part 100 arbitrarily or in a pre-
determined interval.

[0122] The control part 140 may supply the power con-
version part 130 with a PWM control signal whose duty
ratio is controlled according to statuses of the receiving
part 200 based on status information provided from the
receiving part 200. Accordingly, the embodiment may
regulate a control signal used to generate an AC power
instead of regulating the magnitude of the power of the
power source 300 or the output of the converter 120 in
order to regulate an AC power to be transmitted to the
receiving part 200 so as to change the magnitude of the
AC power, preventing current from being lost and power
from being wasted, thereby enhancing power transfer
efficiency.

<Power conversion part of wireless power transfer sys-
tem according to an embodiment of the present disclo-
sure>

[0123] FIG. 8isaviewillustrating alight device accord-
ing to an embodiment.

[0124] A connection relationship and an operation
method of the power conversion part 130 will be de-
scribed with reference to FIG. 8.

[0125] The power conversion part 130 may convert
power provided from the converter 120 into an AC power
based on an AC power control signal provided from the
control part 140 and amplify it. Also, the power conversion
part 130 may include a full bridge inverter.

[0126] The power conversion part 130 may include a
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first to a fourth switching elements S1, S2, S3 and S4.
[0127] The first to fourth switching elements S1, S2,
S3 and S4 each may conduct when a first to a fourth AC
power control signals C11, C12, C21 and C22 provided
from the control part 140 are in a high level, and open
when in a low level.

[0128] The first switching element S1 may be connect-
ed between a first node N1 and the converter 120, and
controlled by a first AC power control signal C11 of the
control part 140. Also, the second switching element S2
may be connected between the first node N1 and a
ground and controlled by a second AC power control sig-
nal C12 of the control part 140.

[0129] The third switching element S3 may be connect-
ed between the second node N2 and the converter 120,
and controlled by a third AC power control signal C21 of
the control part 140. Also, the fourth switching element
S4 may be connected between the second node N2 and
a ground, and controlled by a fourth AC power control
signal C22 of the control part 140.

[0130] The first to fourth switching elements S1, S2,
S3 and S4 may be N-type MOSFET (Metal-Oxide-Sem-
iconductor Field-Effect-Transistor), which is not limited
thereto. Rather, elements that perform a switching oper-
ation by the AC power control signal of the control part
140 may be available.

[0131] Meanwhile, when the first to fourth switching
elementS1, S2, S3and S4 are atransistorthatis a device
having three terminals, each gate terminal of the first to
fourth switching elements S1, S2, S3 and S4 is applied
an AC power control signal. Remaining two terminals of
the first to fourth switching elements S1, S2, S3 and S4
may be source and drain terminals and current may flow
from the drain terminal to the source terminal in the first
to fourth switching elements S1, S2, S3 and S4.

<Operation scheme of power conversion part according
to an embodiment of the present disclosure>

[0132] FIGS. 9and 10 are views illustrating operations
of a power conversion part, and FIG. 11 is a waveform
view of an output signal of a power conversion part ac-
cording to an AC power control signal.

[0133] An operation scheme of the power conversion
part 130 will be described with reference to FIGS. 9to 11.
[0134] Asillustrated in FIG. 9, when the first and fourth
switching elements S1 and S4 are turned on by the first
and fourth AC power control signals C11 and C22 that
are PWM control signals provided from the control part
140 and the second and third switching elements S2 and
S3 are turned off by the second and third AC power con-
trol signals C12 and C21, a positive polarity output volt-
age Vo may be applied to the matching part 150. As il-
lustrated in FIG. 10, when the first and fourth switching
elements S1 and S4 are turned off by the first and fourth
AC power control signals C11 and C22 provided from
the control part 140 and the second and third switching
elements S2 and S3 are turned on by the second and
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third AC power control signals C12 and C21, a negative
polarity output voltage Vo may be applied to the matching
part 150.

[0135] FIG. 11 shows the first to fourth AC power con-
trol signals C11, C12, C21 and C22 applied to the first
to fourth switching elements S1, S2,S3 and S4 and a
resultant output voltage Vo when a duty ratio is 50%, for
example. Here, there may exist a blank interval where
the first and second AC power control signals C11 and
C12 to control the first and second switching elements
S1 and S2 and the third and fourth AC power control
signals C21 and C22 to control the third and fourth switch-
ing elements S3 and S4 are not overlapped each other.
It is for the purpose of preventing an output voltage Vo
of the converter 120 from not appearing due to the fact
that when the first and second switching elements S1
and S2 are simultaneously turned on so that they are
conductively connected, or the third and fourth switching
elements S3 and S4 are simultaneously turned on so that
they are conductively connected, the output voltage of
the converter 120 is grounded.

<Duty ratio regulation using a blank interval regulation>

[0136] FIGS.12and 13 are views illustrating waveform
diagrams to control a duty ratio of an AC voltage by con-
trolling a blank interval.

[0137] Asillustrated in FIGS. 12 and 13, duty ratios of
the first to fourth AC power control signals C11, C12, C21
and C22 that are PWM signals provided from the control
part 140 may be changed. For example, rising times Tr11
Tr12, Tr21 and Tr22 and falling times Tf11, Tf12 Tf21
and Tf22 of high levels of the first to fourth AC power
control signals C11, C12, C21 and C22 that are PWM
signals provided from the control part 140 may be
changed. In response to the first to fourth AC power con-
trol signals C11, C12, C21 and C22 that are changed,
conduction times of the first to fourth switching elements
S$1,52, S3 and S4 are changed and resultantly a duty
ratio Ton of the AC voltage Vo of the AC power supplied
to the transmitting antenna system 102 may be changed.
[0138] The embodiment may enable the receiving part
200 to receive a constant power by differing a duty ratio
Ton of the AC voltage Vo of the AC power depending on
a status of the receiving part 200, for example, a charging
status and/or a receiving status.

[0139] In addition, the embodiment may interrupt the
current that may be lost when an AC power is generated
in the transmitting part 100, minimizing power consump-
tion.

[0140] FIG. 12 illustrates waveform diagrams of the
first to fourth AC power control signals that are PWM
signals to generate an AC power having an AC voltage
of 50% duty ratio.

[0141] As illustrated in FIG. 12, the first to fourth AC
power control signals C11, C12, C21 and C22 may be
generated based on clock signals.

[0142] The clock signal (Clock) may be generated
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based on ban AC signal of an oscillator (not illustrated)
or by a separate means, which is not limited thereto.
[0143] Theclocksignal (Clock) mayberepeatedly gen-
erated in a cycle having a high level pulse and a low level
pulse.

[0144] For example, the first AC power control signal
C11 defines arising time Tr11 for a high level at a time
delayed for a predetermined time from a rising time of a
first high level pulse in the clock signal (Clock) and a
falling time Tf11 for alow level at arising time of a second
high level pulse.

[0145] Forexample, a high level section of the second
AC power control signal C12 is not overlapped with a
high level section of the first AC power control signal C11.
If the high level section of the first AC power control signal
C11 is overlapped with the high level section of the sec-
ond AC power control signal C12, the first and second
switching elements S1 and S2 are simultaneously con-
ducted, an output voltage of the converter 120 is dis-
charged to a ground, the output voltage of the converter
120 is not applied to the first node N1. As a result, power
is not transferred to the transfer antenna system 102.
Accordingly, a blank interval Tp, may be defined where
high level intervals of the first and second AC power con-
trol signals C11 and C12 do not exist between the falling
time Tf11 of the first AC power control signal C11 and
therising time Tr12 of the second AC power control signal
C12 or between the rising time Tr11 of the first AC power
control signal C11 and the falling time Tf12 of the second
AC power control signal C12.

[0146] The second AC power control signal C12 may
define a rising time Tr12 for a high level at a time delayed
for a predetermined time from a rising time of a second
high level in the clock signal (Clock) and a falling time
Tf12 for a low level at a rising time of a third high level
pulse.

[0147] For example, a high level interval of the third
AC power control signal C21 may be partially overlapped
with a high level interval of the first AC power control
signal C11 and a high level interval of the second AC
power control signal C12. That is, the rising time Tr21 of
the third AC power control signal C21 is ahead of a falling
time Tf11 of the first AC power control signal C11, and
the falling time Tf21 of the third AC power control signal
C21 follows the rising time Tr12 of the second AC power
voltage signal C12.

[0148] For example, a high level interval of the fourth
AC power control signal C22 is not overlapped with a
high level interval of the third AC power control signal
C21. Likewise, when the high level interval of the third
AC power voltage signal C21 is overlapped with the high
level interval of the fourth AC power control signal C22,
the third and fourth switching elements S3 and S4 are
simultaneously conducted, an output voltage of the con-
verter 102 is discharged to a ground and the output volt-
age of the converter 120 is not applied to the second
node N2. As aresult, power is nottransferred to the trans-
ferantenna system 102. Accordingly, ablankinterval T pp
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may be defined where high level intervals of the third and
fourth AC power control signals C21 and C22 do not exist
between a falling time Tf21 of the third AC power control
signal C21 and arising time Tr22 of the fourth AC power
control signal C22 or between a rising time Tr21 of the
third AC power control signal C21 and a falling time Tf22
of the fourth AC power control signal C22.

[0149] In addition, the high level interval of the fourth
AC power control signal C22 may be partially overlapped
with the high level interval of the first AC power control
signal C11 and a high level interval of the second AC
power control signal C12. That is, the rising time Tr22 of
the fourth AC power control signal C22 is ahead of a
falling time Tf12 of the second AC power control signal
C12, and follows the rising time Tr11 of the first AC power
voltage signal C11.

[0150] Respective high level intervals of the first to
fourth AC power control signals C11, C12, C21 and C22
may be defined in a cycle of the clock signal (Clock).
[0151] Meanwhile, an high level overlapping interval
of the first and fourth AC power control signals C11 and
C22 is a power transfer interval, which may be defined
as a duty ratio (Ton). The duty ratio (Ton) is an interval
where a power may be transferred for a cycle, the max-
imum being set 50%, which is not limited thereto. For
example, when a duty ratio is 50%, power can be trans-
ferred in a half cycle and cannot be transferred in the
reaming half cycle. Further, an overlapped high level in-
terval of the second and third AC power control signals
C12 and C21 is a power transfer available interval, which
may be defined as a duty ratio (Ton).

[0152] In FIG. 12, it may be understood that the duty
ratio (Ton) is determined the falling time Tf21 of the third
AC power control signal C21 and the falling time Tf22 of
the fourth AC power control signal C22. When the falling
time Tf22 is delayed, the duty ratio Ton may be increased,
and when the falling time is quickened, the duty ratio Ton
may be decreased.

[0153] When the duty ratio Ton is increased, since an
AC power transferred to the transmitting antenna system
102 is increased, a wireless power received by the re-
ceiving part 200 may also be decreased. When the duty
ratio Ton is decreased, since the AC power transferred
to the transmitting antenna system 102 is decreased, a
wireless power received by the receiving part 200 may
also be decreased.

[0154] The embodiment may reflect an increase or de-
crease of the AC power to be transferred to the receiving
part 200 so that the control part 140 generates the first
to fourth AC power control signals C11, C112, C21 and
C22, aduty ratio (Ton) of an AC voltage (Vo) output from
the power conversion part 130 may be regulated by the
first to fourth AC power control signals C11, C12, C21
and C22, and the wireless power having an AC voltage
(Vo) of the regulated duty ratio (Ton) may be transmitted
to the receiving part 200 by the transmitting antenna sys-
tem 102.

[0155] FIG. 13 illustrates a waveform diagram of the
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first to fourth AC power control signals to generate an
AC power having an AC voltage of 30% duty ratio.
[0156] In FIG. 13, a method for generating the first to
fourth AC power control signals C11, C12, C21 and C22
is the same as that described with reference to FIG. 8.
[0157] An AC voltage (Vo) illustrate in FIG. 13 has a
duty ratio (Ton) of 30%, which is smaller than the duty
ratio (To) of 50% illustrated in FIG. 12. In other word, a
width of a positive polarity voltage or a negative polarity
voltage having a duty ratio (To) of 30% may be smaller
than that of a positive polarity voltage or a negative po-
larity voltage having a duty ratio (To) of 50%.

[0158] As such, the first to fourth AC power control sig-
nals C11, C12, C21 and C22 may be changed so that
the duty ratio of the AC voltage (Vo) may be reduced to
30%. Thatis, the falling time Tf12 of the second AC power
control signal C12 and the falling time Tf21 of the third
AC power control signal C21 illustrated in FIG. 13 may
be ahead of the falling time Tf12 of the second AC power
control signal C12 and the falling time Tf21 of the third
AC power control signal C21 illustrated in FIG. 12. Ac-
cordingly, as the duty ratio (Ton) of the AC voltage Vo is
reduced, the falling time Tf12 of the second AC power
control signal C12 and the falling time Tf21 of the third
AC power control signal C21 may be quickened more
and more. For example, the falling time Tf12 of the sec-
ond AC power control signal C12 and the falling time Tf21
of the third AC power control signal C21 may be more
quickened in a duty ratio (Ton) of 20% rather than a duty
ratio (Ton) of 30%.

[0159] Meanwhile, the control part 140 may include a
fist serve control part that generates the first to fourth AC
power control signals C11 to C22 that are PWN signals,
to be provided to the first to fourth switching elements S1
to S4 and a second serve control part that provides the
first serve control part with a duty ratio regulation signal
to regulate duty ratios of the first to fourth AC power con-
trol signals C11 to C22.

[0160] The second serve control part may supply the
first serve control part with a duty ratio regulation signal
regulated depending on a status of the receiving part 200
based on status information provided from the receiving
part 200.

[0161] For example, the duty ratio regulation signal
may be a binary data of 6 bits. For example, when the
duty ratio regulation signal is 000001, the first serve con-
trol part may generate the first to fourth AC power control
signals C11 to C22 to generate an AC power having an
AC voltage of a duty ratio of 50% in response to the duty
ratio regulation. The AC power having the AC voltage of
a duty ratio of 50% may be the maximum AC power to
be transmitted to the receiving part 200, which is not
limite4d thereto.

[0162] Forexample, when a duty ratioregulation signal
is 000010, the first serve control part may generate the
first to fourth AC power control signals C11 to C22 to
generate an AC power having an AC voltage of a duty
ratio of 40% in response to the control signal.
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[0163] Forexample, when aduty ratio regulation signal
is 000011, the first serve control part may generate the
first to fourth AC power control signals C11 to C22 to
generate an AC power having an AC voltage of a duty
ratio of 30% in response to the control signal.

[0164] Forexample, when aduty ratio regulation signal
is 000100, the first serve control part may generate the
first to fourth AC power control signals C11 to C22 to
generate an AC power having an AC voltage of a duty
ratio of 20% in response to the control signal.

[0165] Forexample, when aduty ratio regulation signal
is 000101, the first serve control part may generate the
first to fourth AC power control signals C11 to C22 to
generate an AC power having an AC voltage of a duty
ratio of 10% in response to the control signal.

[0166] In addition, by setting the duty ratio regulation
signal with a binary data of 6 bits, the first to fourth AC
power control signals C11 to C22 to generate an AC pow-
er in a duty ratio unit of 5%, a duty ratio unit of 3%, or a
duty ratio unit of 2%, which is not limited thereto.
[0167] FIGS. 14A, 14B, 15A, 15C, 16A and 16B are
views illustrating the magnitude of a fundamental wave
of a signal outputted as a result of simulating an output
waveform when changing a duty ratio of a full bridge of
a power converter and the magnitude of a harmonic that
is multiple components of a fundamental wave.

[0168] A simulation is performed using a Fourier anal-
ysis of an output signal, basically.

[0169] An exponential Fourier series may be ex-

o 1 .
712" and a harmonic

co

pressed as fH= Z C,e

H=-0
component may be searched through the magnitude of
complex coefficient Gn.
[0170] Further, a total harmonics distortion THD is
used in order to compare degrees of harmonic compo-
nents depending on duty ratios.
[0171] The total harmonics distortion THD is defined
as a ratio of an RMS of a harmonic component and an
RMS of a fundamental wave, which indicates degrees of
harmonic occurrence.
[0172] In the embodiment, the total harmonics distor-
tion THD is defined as a maximum harmonics distortion
that is a ratio of an RMS of a maximum magnitude har-
monic component having the maximum magnitude of
harmonic components and an RMS of a fundamental
wave. That is, the maximum harmonic distortion is de-
fined as a ratio of an RMS of a maximum magnitude
harmonic component contrasted with an RMS of a fun-
damental wave.
[0173] A distribution and magnitude of a harmonic
component according to a duty ratio will be described
with reference to the drawing.
[0174] A simulation result is produced by changing a
duty ratio to 50%, 40% and 30% based on an amplitude
of an output waveform 1V and a cycle, 143Hz.
[0175] InFIGS. 14A and 14B, when a duty ratiois 50%,
afundamental wave has a magnitude between 0.6V and
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0.7V, and even number harmonics appear but odd
number harmonics do not appear.

[0176] When adutyratio is 50%, an approximate value
of the maximum harmonics distortion is 0.22/0.65 = 24%.
[0177] InFIGS. 15A and 15B, when a duty ratio is 40%,
it is noted that a fundamental wave has a value of about
0.6V, and even number and even number harmonics ap-
pear and the magnitude of a first harmonic component
which is twice of a fundamental frequency among har-
monic components is between 0.1V and 0.2V. As such,
when a duty ratio is reduced from 50% to 40%, a maxi-
mum harmonics distortion becomes 0.15/0.6 = 25%, so
that it may be confirmed that while even number and odd
number harmonic components appear, the maximum
harmonics distortion is improved.

[0178] FIGS. 16A and 15b illustrate a case that a duty
ratio is 30%. Here, a fundamental wave has a magnitude
between 0.5V and 0.6V, the magnitude of a harmonic
component that is five times of a fundamental frequency
among harmonic components is between 0.1V and 0.2V.
So, when calculating the maximum harmonic distortion
with approximate values, it is 1.25/5.1 = 24%, so that it
is noted that the maximum harmonics distortion is re-
duced.

[0179] FIG. 17 is a view illustrating a simulation result
of the maximum harmonic distortion ratio when changing
a duty ratio.

[0180] Itis confirmed that the maximum harmonic dis-
tortion has arelatively small value in a duty ration interval
of 0.26 to 0.44 (26% to 44%). That is, the duty ratio in-
tervalis an interval where less harmonic components are
distributed.

[0181] Further, the maximum harmonic distortion is
smallest when a duty ratio is 0.41(41%) and 0.32(32%),
and the value of the maximum harmonic distortion be-
comes 23.6%.

[0182] As such, when using afull bridge inverter as the
power converter 130 and regulating a duty ratio, it may
be possible to control an output waveform to be approx-
imated to a sign wave.

[0183] As described above, while a perfect sine wave
does notinclude harmonic components, a sine wave hav-
ing a distorted waveform due to a non-linear character-
istic of a load includes harmonic components. Accord-
ingly, when controlling an output voltage Vo to be ap-
proximated to a sine wave, the harmonic components
may be reduced and an electromagnetic compatibility
EMC may be maximized.

[0184] While the above-described simulation reviews
an EMC characteristic using a ratio of the magnitude of
a fundamental wave and the magnitude of the maximum
harmonic component, which is not limited thereto. Rath-
er, the EMC characteristic may be considered using a
ratio of the magnitude of a fundamental wave and the
magnitude of total harmonic components.

[0185] Here, it is desirable to control the power con-
verter using a duty ratio with which the total harmonic
distortion calculated with a ratio of the magnitude of a
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fundamental wave and the magnitude of total harmonic
components.

<Method for driving a wireless power transfer system ac-
cording to an embodiment of the present disclosure>

[0186] FIG. 18 is a signal flow chart illustrating opera-
tions of a wireless power transfer system according to
an embodiment of the present disclosure.

[0187] A first step is a sensing step (S100).

[0188] In case that the receiving part 200 approaches
a charging region of the transmitting part 100, a wireless
power transfer may start when the transmitting part 100
senses the receiving part 200 or in reverse the receiving
part 200 senses the transmitting part 100.

[0189] The sensing step (S100) may be configured of
substeps, a selection step to sense the receiving part
200, a ping step to receive a packet, and an identification
and configuration step to receive a unique ID, an exten-
sion ID, and information on control parameters.

[0190] A second step is a power requesting step
(S200).

[0191] In case that the receiving part 200 requests the
transmitting part 100 to transmit power, for example, the
receiving part 200 may request the transmitting part 100
to transmit a certain amount of power depending on sta-
tus of the receiving part 200, that is, battery charging
status of the receiving part 200, temperature status of
the receiving part 200 and battery, the amount and de-
gree of battery power consumption and battery charging
speed.

[0192] A third step is a step to control the control part
140 and the converter 120 (S300).

[0193] The power transmission amount may be
changed depending on status of the receiving part 200,
and accordingly the control part 140 of the transmitting
part 100 may control the converter 120 to regulate level
of the DC power.

[0194] A fourth step is a step to control the power con-
version part 130 of the control part 140 (S400) and a step
to transmit power (S500).

[0195] The converter 120 may control first to fourth
switching elements S1, S2, S3 and S4 of a full bridge
inverter inside the power conversion part 130 using a
PWM control signal.

[0196] A turning on or off ratio of the first to fourth
switching elements S1, S2, S3 and S4 may be changed
according to a duty ratio, and a degree of the harmonic
components included in the power conversion part 130
may be changed according to a duty ratio. Accordingly,
the control part may analyze the magnitude of the DC
voltage transferred to the power conversion part 130 from
the converter 120 and a frequency component of the out-
put signal outputted from the power conversion part 130
to control a duty ratio of the PWM control signal.

[0197] As such, the control part 140 may determine a
duty ratio to have a predetermined value among 26% to
44%, for example and provide the power conversion part
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130 with a PWM control signal having the predetermined
value as well. Also, the control part 140 may be fed back
with signals outputted from the power conversion part
130, analyze harmonic components of the output signal
to provide the power conversion part 130 with PWM con-
trol signal having a duty ratio in which a ratio of the mag-
nitude of a fundamental wave and the magnitude of a
maximum harmonic is a minimum, so that the control part
140 may enable the transmitting part 100 to provide the
power requested by the receiving part 200.

[0198] When analyzing the harmonic components of
the output signal fed back from the power conversion
part 130 and analyzing, the output signal of the power
conversion part 130 may be fed back and analyzed each
predetermined period. Therefore, a real time control may
be performed to determine a distortion degree of the pow-
er conversion part 130 depending on changes of the pow-
er transmission condition of the wireless power transfer
system 10 or changes of system characteristic to output
output signals having optimized electromagnetic charac-
teristic.

[0199] The transmitting part 100 of the wireless power
transfer system 10 according to the embodiment of the
presentdisclosure uses afull bridge inverter as the power
converter 130.

[0200] The full bridge inverter has an effect to approx-
imate the output signal to a sine wave so that the har-
monic components are minimized, as well as an effect
to increase the maximum power provided to the trans-
mitting antenna system 102 compared with an half bridge
inverter in the art.

[0201] Further, the control part 140 may regulate a duty
ratio of the DC voltage level outputted from the converter
120 and first to fourth AC power control signals C11,C12,
C21 and C22 that are PWM control signals provided to
the power conversion part 130 to reduce harmonic com-
ponents of the output signals outputted from the power
conversion part 130. Also, the control part 140 may be
fed back with the amount of power requested in the re-
ceiving part 200 and distortion status of the output signal
of the power conversion part 130 depending on current
status of the transmitting part and receiving part 100 and
200 to regulate a duty ratio of the first to fourth power
control signals C11, C12, C21 and C22, thereby improv-
ing electromagnetic wave characteristics.

[0202] The method according to the above-described
embodiment may be manufactured with a computer ex-
ecutable program and stored in a computer readable re-
cording medium. Examples of the computer-readable re-
cording medium include a ROM, RAM, CD-ROM, mag-
netic tape, floppy disk, optical data storage device and
soon. Also, it may be implemented in the form of a carrier
wave (e.g., transmission over Internet).

[0203] The computer-readable recording medium may
be distributed in the computer system connected through
a computer communication network, and may be stored
and executed as codes readable in a distributed manner.
Furthermore, functional program, code and code seg-
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ments, used to implement the present disclosure can be
derived by a skilled computer programmer from the de-
scription of the disclosure contained herein.

[0204] The receiving part 200 according to the embod-
iment may be mounted on a mobile terminal such as a
mobile phone, a smart phone, a laptop computer, a digital
broadcasting terminal, a personal digital assistance
PDA, a portable multimedia player PMP, a navigation,
and so on.

[0205] However, itis well known by those skilled in the
art that the configuration of the embodiment may also be
applicable to stationary terminals such as digital TV,
desktop computer and the like, except the case applica-
ble to mobile terminal only.

[0206] In the embodiment, the power transmission
scheme by electromagnetic induction may mean a rela-
tively low Q value and a tight coupling, and the power
transmission scheme by resonance may mean a rela-
tively high Q value and a loose coupling.

[0207] Although the presentdisclosure were described
with reference to preferred embodiments, these are just
examples and do not limit the present disclosure. The
present disclosure may be changed and modified in var-
ious ways, without departing from the ideas and technical
regions described in claims, by those skilled in the art.
Accordingly, technical scope of the present disclosure is
not restricted to the detailed description but should be
defined by claims only.

INDUSTRIAL APPLICATION

[0208] The wireless power transfer device may be
used in the field of wireless charging system.

Claims

1. A transmitter for generating a wireless power to be
transmitted to a receiver, the transmitter comprising:

a power conversion part comprising a full bridge
inverter; and

a control part for controlling the power conver-
sion part using a pulse width modulation (PWM)
control signal,

wherein a duty ratio of the PWM control signal is
determined by a duty ratio in which a ratio of the
magnitude of an harmonic to the magnitude of a fun-
damental frequency among frequency components
of an output signal of the power conversion part is a
minimum.

2. Thetransmitter of claim 1, wherein the harmonic has
the maximum magnitude of a plurality of harmonic
components that have frequencies of the output sig-
nal different with one another.
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The transmitter of claim 2, wherein the duty ratio is
26% to 44%.

The transmitter of claim 2, wherein the duty ratio is
41% or 32%.

The transmitter of claim 2, further comprising:

a rectifying and filtering part configured to re-
ceive an input AC power and to generate a DC
voltage;

a DC/DC converter for regulating a level of the
DC voltage outputted from the rectifying and fil-
tering part to be outputted to the power conver-
sion part; and

a matching part for performing an impedance
matching between the transmitter and the re-
ceiver,

wherein the control part controls a DC voltage level
of the DC/DC converter.

A method for driving a wireless power transfer sys-
tem that includes a transmitter having a power con-
version part to convert power applied from an exter-
nal power supply and a receiver to receive power
from the transmitter, the method comprising:

allowing, when the receiver approaches a
charging region of the transmitter, one of the
transmitter and the receiver to sense the other
one;

allowing the receiver to request the transmitter
to transfer power

allowing a control part of the transmitter to reg-
ulate a DC voltage level of the DC/DC converter
depending on the amount of power requested
by the receiver; and

allowing the control part to control the power
conversion part depending on a duty ratio of a
predetermined PWM control signal,

wherein the duty ratio of the PWM control signal is
determined by a duty ratio in which a ratio of the
magnitude of an harmonic to the magnitude of a fun-
damental frequency among frequency components
of an output signal of the power conversion part is a
minimum.

The method of claim 6, wherein the harmonic has
the maximum magnitude of a plurality of harmonic
components that have frequencies of the output sig-
nal different with one another.

The method of claim 7, wherein the power conver-
sion part includes a full bridge inverter that receives
a DC voltage from a DC/DC converter to output an
AC signal.
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The method of claim 7, wherein the duty ratio is 26%
to 44%.

The method of claim 7, wherein the duty ratio is 41%
or 32%.

The method of claim 6, wherein the control part is
fed back with an output signal outputted from the
power conversion part and provides the power con-
version part with a PWM control signal having a duty
ratio in which a ratio of the magnitude of an harmonic
to the magnitude of a fundamental frequency of the
output signal is a minimum.

A transmitter for generating a wireless power to be
transmitted to a receiver, the transmitter comprising:

a control part for generating first to fourth AC
power control signals; and

a power conversion part for generating an AC
power including a positive polarity electrode
voltage and a negative polarity electrode voltage
inresponse to the first to fourth AC power control
signals,

wherein the power conversion part generates the
positive polarity electrode voltage in response to the
first and fourth AC power control signals, and the
negative polarity electrode voltage in response to
the second and third AC power control signals.

The transmitter of claim 12, wherein a duty ratio of
the positive polarity electrode voltage is determined
by afalling time of the fourth AC power control signal,
wherein a duty ratio of the negative polarity electrode
voltage is determined by a falling time of the third
AC power control signal.

The transmitter of claim 13, wherein the duty ratio is
regulated depending on a power receiving status of
the receiver.

The transmitter of claim 14, wherein the falling time
of the fourth AC power control signal is ahead of the
falling time of the first AC power control signal.

The transmitter of claim 12, wherein the falling time
of the third AC power control signal is ahead of the
falling time of the second AC power control signal.

the transmitter of claim 13, wherein the maximum
AC power is generated when the duty ratio is 50 %,
wherein the magnitude of the AC power is reduced
when the duty ratio is decreased.

The tranmitter of claim 12, wherein the power con-
version part includes first to fourth switching ele-
ments,
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wherein the second and third switching elements are
turned off in a time interval when the first and fourth
switching elements are turned on,

wherein the first and fourth switching elements are
turned off in a time interval when the second and
third switching elements are turned on.
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